H igh and rising health care costs and uneven quality are two of the biggest challenges facing the US health care system. The Affordable Care Act of 2010 is projected to provide access to health insurance to an additional thirty-two million Americans, increasing the need to identify strategies to improve efficiency while delivering high-quality care. 1 The act authorizes the Centers for Medicare and Medicaid Services (CMS) to make higher payments to hospitals that achieve better quality performance and to cut reimbursements to hospitals that fail to improve. Hospitals that can simultaneously provide high-quality care and manage costs are likely to come out ahead.
Whether hospitals will be able to achieve both goals is unclear. Our prior work suggests that for at least some conditions, hospitals that provide higher-quality care have somewhat higher costs. 2, 3 However, work by Dartmouth researchers, using a different approach, found that highcost hospitals tend to provide lower-quality care. This suggests that it may be possible to reduce costs without harming patient outcomes. 3, 4 Prior studies have shown that minority and poor patients are more likely to receive care at low-quality hospitals. [4] [5] [6] These results have been cause for concern that performance-based payments may widen disparities in care. However, we lack comparable data on care for minorities in hospitals with lower costs per case, often consid- ered "efficient," versus more-costly hospitals. Empirical data are critical to informing policy makers as they design national programs aimed at managing quality and costs of care.
Despite widespread interest in understanding high-quality, low-cost providers, we are unaware of any previous studies that examined hospitals that were simultaneously on the extremes of both quality and cost. Therefore, in this study we sought to answer several questions: What are the structural characteristics of high-quality, low-cost US hospitals-the "best" hospitals? How do these best hospitals differ from other types of hospitals, especially high-quality, high-cost or low-quality, high-cost hospitals? Are underserved patients, such as minority and poor patients, more likely to receive care at one or more of these types of hospitals? And finally, how do clinical and patient-reported outcomes vary among these groups of hospitals?
Study Data And Methods
Data We used six primary sources of data to create our key variables of interest: (1) 7 developed by the Agency for Healthcare Research and Quality, which contains data on hospitals' performance on patient experience metrics. A detailed description of all data sources, pertinent variables, and the models in which we used them appears online, in Appendix Exhibit 1. Identifying 'Best' And 'Worst' First, we examined quality performance using data from the Medicare Hospital Compare program. Hospital Compare reports hospitals' performance on a set of process measures for acute myocardial infarction, congestive heart failure, pneumonia, and prevention of surgical complications. An example of a process measure is giving patients aspirin when they are admitted for acute myocardial infarction. The specific process measures for each condition are listed in Appendix Exhibit 2.
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For each of the 4,488 hospitals that reported process measures to Hospital Compare, we used a standard methodology prescribed by the Joint Commission-the nonprofit organization that certifies and accredits hospitals and health care organizations-to calculate summary scores for each condition, including only those hospitals with at least thirty patients for each condition to avoid problems with low sample size. 2, 9 We then calculated a single overall score for hospital-level quality by combining all four summary scores. We used this overall quality score to categorize hospitals as high or low performing.
CMS will use a subset of these process measures as the basis for its calculations of hospital incentive payments in its value-based purchasing program. Prior studies have shown that performance on the individual quality measures are not always well correlated with each other. 10 Therefore, in sensitivity analyses, we built condition-specific quality measures to identify highand low-performing hospitals. For each of the analyses built on performance on an individual condition, the results were qualitatively similar to those found using the global quality measure (see Appendix Exhibit 3).
Measuring Risk-Adjusted Cost We calculated risk-adjusted cost for each hospital by building an overall cost model. Variables in determining the risk for each hospital were derived from Medicare data, the American Hospital Association survey, the Medicare Impact File, and the Area Resource File. First, we identified the 100 most common medical and surgical conditions (based on diagnosis-related groups) for Medicare patients in the MedPAR database. These conditions represent nearly 90 percent of all care provided to Medicare beneficiaries. Next, we built a risk-adjusted, condition-specific cost for each hospital.
The predicted cost models have been described previously. 2 Briefly, hospitals report, for each discharge, the charges associated with that hospitalization.We converted those charges to costs using hospital-specific charge-to-cost ratios. We then built a model with the patient as the unit of analysis that predicts the costs for each hospital for each condition, based on three factors: patient mix-to account for the fact that some hospitals care for sicker patients than otherscalculated using the Elixhauser comorbidity scheme, a measurement tool for combining coexisting medical conditions based on administrative data; 9,11 teaching status, as measured by the ratios of interns and residents to beds and the Disproportionate Share Index; and a combina-tion of community-level factors-the Medicare Wage Index, urban versus rural location, and proportion of poverty in the community derived from the Area Resource File. Our analyses excluded the approximately 1,200 very small hospitals reimbursed by Medicare on a cost basis.
After creating risk-adjusted, conditionspecific costs, we aggregated them across all of the patients admitted for the 100 most common conditions to create hospital-level risk-adjusted costs. We weighted our cost calculations for the different mix of conditions across hospitals. We did this to ensure that we did not unfairly label a hospital as high cost if it specialized in very expensive procedures or treatments, such as bone marrow transplant.
We then examined each hospital's observed costs and created a ratio of observed to expected cost. A ratio of 1.1 would mean that a hospital's costs were 10 percent higher than would be expected given its patient mix, teaching status, and community-level factors.
Categorizing Hospitals By Quality And Cost We divided hospitals into four quartiles of performance based on their quality scores and cost ratios. We designated hospitals that were in both the highest quartile of quality and the lowest quartile of risk-adjusted costs as "best," and those in both the lowest quartile of quality and the highest quartile of costs as "worst."
We were also interested in two other groups of hospitals: those in the highest quartiles of quality and costs (high-quality, high-cost institutions) and those in the lowest quartiles of both metrics (low-quality, low-cost hospitals). Together with the "best" and the "worst," these were the four hospital categories in our study.
Hospital And Patient Characteristics We used American Hospital Association survey data to focus on a set of key characteristics: size, defined by number of beds; census region; profit status; membership in the Council of Teaching Hospitals; location-that is, urban versus rural; membership in a system; nurse staffing levels, defined by the number of full-time equivalent nurses on staff divided by the number of inpatient days; the proportion of a hospital's patients covered by Medicare; and the presence of a cardiac intensive care unit.
Because we were interested in whether certain types of hospitals disproportionately cared for minority and poor patients, we also calculated the mean proportion of elderly patients who were black or Hispanic and the mean proportion of Medicaid patients for each of the four hospital groups.
Mortality Rates We used data from MedPAR and the Medicare Beneficiary File to calculate each hospital's thirty-day risk-adjusted mortality rate for acute myocardial infarction, congestive heart failure, and pneumonia (see Appendix Exhibit 4 8 for details of the codes used to identify the patients with these conditions). We focused on these conditions because they are common, expensive, associated with significant morbidity and mortality, and widely used to assess outcomes in US hospitals. 12, 13 We used logistic regression models to calculate the rates, accounting for clustering of patients within hospitals with the Elixhauser risk-adjustment scheme.
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Patient Experience We used data from the Hospital Consumer Assessment of Healthcare Providers and Systems survey to assess patient experience. The survey asks each patient discharged from an acute care hospital twentyseven questions about his or her experience in the hospital, including two focused on overall experience: how the patient would rate the overall experience on a scale of 0 to 10, with 0 being the worst and 10 being the best; and whether he or she would recommend the hospital to family and friends. 7 Limitations There are limitations to our work. First, we defined high-and low-quality hospitals based on their performance on process measures. Although these measures are evidencebased and widely used, they represent only a small proportion of the care provided in a hospital.
Additionally, our method for calculating a summary score differs somewhat from the subset of these measures that CMS will use under valuebased purchasing. However, we believe that our summary measures provide an important gauge of how well a hospital is functioning and its ability to provide evidence-based care.
Our measures of cost have limitations because they rely on unaudited data reported by hospitals to Medicare. 2 Furthermore, our cost estimates may be less precise for small hospitals because of their smaller sample size.
Finally, our findings indicate associations and not necessarily causes. It may be tempting to conclude, for example, that caring for more poor patients leads some hospitals to be less efficient, charging more per case. However, it is also possible that hospitals that care for poor patients have been less focused on providing efficient, low-cost care.
Analysis We began by examining key characteristics of the hospitals in the four groups (best; worst; high-quality, high-cost; and low-quality, low-cost). We used standard statistical tests to compare whether the mean proportion of Medicaid patients or mean proportion of elderly black or Hispanic patients for each hospital cat-egory varied across the four groups. Although we examined data on Hispanic patients, our primary focus was on elderly black and Medicaid patients. Medicare data on Hispanics are generally less reliable, because studies suggest that nearly half of all Hispanics are classified as white. 14 We used box plots to examine the range of proportions of elderly black and Medicaid patients across the hospitals (Appendix Exhibits 5 and 6) and to examine the range of quality scores in each group (Appendix Exhibit 7). 8 We examined thirty-day risk-adjusted mortality rates across the hospital groups using standard statistical tests, including analyses of variance and multivariable linear regression models that adjusted for the key hospital characteristics described above. We focused on mortality, to determine whether patients who went to the best or worst hospitals had better or worse outcomes than those going to other hospitals.
Finally, we examined performance on the Hospital Consumer Assessment of Healthcare Providers and Systems survey across the four groups of hospitals using analyses of variance. We again built multivariable models to adjust for the same list of potential confounders described above, including hospital size, regional location, ownership, teaching status, and location (urban versus rural). Because the results from the multivariable models were nearly identical to those from the univariate analysis, we show only the univariate results here.
We chose to present those results because they are more consistent with the approach that CMS will use in its value-based purchasing program to make payment decisions: Hospitals will be paid based on their performance, and factors such as hospital size will not be considered. Presenting data that do not give credit to hospitals for being small in size, for example, is also more consistent with how consumers generally use the public data (such as risk-adjusted mortality rates), which are generally not adjusted for hospital characteristics. The rates adjusted for hospital characteristics are presented in Appendix Exhibit 8.
8

Study Results
Enough data for us to create both cost and quality metrics were available for 3,229 hospitals. Of these, 122 were "best" hospitals-in the highest quartile of quality performance and the lowest quartile of risk-adjusted costs. There were 178 "worst" hospitals-in the lowest quartile of quality and the highest quartile of costs. Compared with the worst hospitals, the best hospitals were less likely to be small or located in the South, and more likely to be located in the Northeast (Exhibit 1). The best hospitals were more likely to be nonprofit and to have a cardiac intensive care unit than the worst hospitals. And the best hospitals had a higher mean proportion of Medicare patients and a smaller mean proportion of elderly Hispanic patients than the worst hospitals.
We also found that the high-cost, high-quality hospitals were significantly more likely than any of the other three groups to be major teaching hospitals, be in urban areas, have cardiac intensive care units, and have higher nurse-to-patient ratios (Exhibit 1).
When we examined the patient population treated at these groups of hospitals, we found large differences. Only 6.8 percent of the patients discharged from the best hospitals, but nearly 15 percent of the patients discharged from the worst hospitals, were elderly black people (Exhibit 2).We found similar patterns for Medicaid patients, with the lowest percentage in the best hospitals and the highest percentage in the worst hospitals (Exhibit 3).
Patients with acute myocardial infarction or pneumonia who were admitted to low-cost, low-quality hospitals had 12-19 percent higher odds of death-and patients at the worst hospitals had 7-10 percent higher odds-compared to patients with those conditions admitted to the best hospitals (Exhibit 4). We found no meaningful difference in outcomes at the worst compared to the best hospitals among patients admitted with congestive heart failure. The results across all three conditions were similar after adjustment for hospital characteristics.
Patient experience varied widely based on the type of hospital. Patients discharged from the best hospitals were more likely to rate the hospital highly-9 or 10 on a 0-10 scale-and to "definitely" recommend the hospital than patients discharged from the worst hospitals (Exhibit 5). However, patients discharged from high-quality, high-cost hospitals were much more likely to rate the hospital highly and to "definitely" recommend it, compared to patients discharged from hospitals in any other group.
Discussion
We identified US hospitals that were simultaneously high quality and low cost, as well as those that performed poorly on both measures and those that did well on just one of them.We found that the worst hospitals were far more likely than institutions in the other three groups to be small or public hospitals located in the South. We also found that the worst hospitals generally had a much higher proportion of both elderly black and Medicaid patients (Exhibits 2 and 3). These hospitals also had higher mortality rates for acute myocardial infarction and pneumonia (Exhibit 4). However, the high-cost, high-quality hospitals-which were more often nonprofit or teaching hospitals-provided the best patient experience (Exhibit 5). Several studies have shown that hospitals with a higher proportion of minority patients have somewhat lower performance on quality metrics. 4 ,5 However, we are unaware of prior work that has directly examined how hospitals that manage both costs and quality effectively differ from others. The fact that the worst hospitals have more than twice the proportion of elderly black patients than the best hospitals (Exhibit 2) is both startling and previously unknown. Even among low-quality hospitals, those that are high cost have much higher rates of elderly black patients than those that are low cost.
Policy Implications Our findings have important implications for the national valuebased purchasing program, which CMS has recently finalized to alter the way it pays hospitals-implications that are particularly pertinent to potential disparities in care. The factors that the program currently uses focus primarily on quality.Yet Congress has asked CMS to pay closer attention to "efficiency" (often a way of describing costs per case) in its payment scheme, and we suspect that it will become a key part of future payment changes. Even if efficiency measures are not part of the system, reduced future payments to hospitals will necessitate a greater focus on efficiency. Many private payers are using both efficiency (costs) and quality metrics for "tiering," in which they adjust copayments to steer patients away from high-cost, low-quality hospitals.
The institutions that perform worse on both quality and cost metrics care for greater numbers of elderly black and Medicaid patients, and they would probably have to improve on both of these metrics to achieve parity with other hospitals and avoid financial penalties. In the Premier Hospital Quality Demonstration-the largest na- tional hospital-based pay-for-performance program run by CMS-hospitals that cared for the poor caught up to others under financial incentives. 15 It is possible that this could happen again under the value-based purchasing program, although that is by no means assured.
It is unclear why some hospitals are able to provide high-quality care at comparatively low cost, while other hospitals struggle to do so. It is tempting to assume that high-cost, low-quality hospitals are mismanaged, and this may be true. Whether having a greater proportion of minority and Medicaid patients puts these hospitals at a disadvantage is unclear. Caring for these populations may be expensive. In fact, this theory underlies the disproportionate-share hospital program run by CMS, which provides extra payments for hospitals that care for the poor. Our analyses of hospital costs controlled for disproportionate-share status. However, other related, unmeasured factors may account for the higher costs of care seen in the hospitals with a higher proportion of minority and poor patients. Either way, ensuring that these hospitals provide highquality care is critical if we are to make major headway on reducing disparities.
Patient experience is a key component of patient-centered health care. We found that high-cost, high-quality hospitals had the best patient experiences, while low-cost, high-quality hospitals fared intermediately and low-quality hospitals (irrespective of cost) fared poorly on this metric. This suggests that both costs and quality are related to how patients experience hospital care. In addition, high-quality, highcost hospitals had much higher nurse-staffing levels. This factor may account for the difference: Prior work has found that higher nurse-staffing levels are correlated with better experience. 16 It is also possible that nurse-staffing levels are simply an indication that a hospital is more committed to optimizing patient experience. Prior studies have tried to clarify how costs and quality relate to each other. 2, 3 There is strong policy interest in determining how some hospitals manage to be both high quality and low cost. However, the evidence to date on how to achieve both of these goals is primarily anecdotal and needs to be tested more broadly. As hospital payments are reduced over time, becoming more efficient while maintaining quality will become even more important.Whether poor-performing hospitals will lose part of their reimbursementpossibly even going out of business as a resultor institute new and effective quality improvement efforts is unclear. As noted above, one recent study found that hospitals with a high proportion of poor patients fared well under pay-for-performance. 15 Whether these findings will hold up nationally as CMS transitions to value-based purchasing is unknown.
The 1 percent of Medicare reimbursement at risk through the value-based purchasing program may appear modest. However, given that many hospitals are running at zero or even negative margins, even losing a portion of that 1 percent may put some hospitals at risk of financial failure. Given that low-quality hospitals often have lower margins than average, the impact on them could be particularly striking.
Conclusion As the United States embarks on efforts to improve hospital care using valuebased purchasing principles, we will need to help hospitals improve quality and efficiency simultaneously and to monitor the results of their efforts, so that we do not inadvertently worsen disparities in care. ▪ The project was funded by the Commonwealth Fund.
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